The fixed target experiment NA61/SHINE at the CERN SPS aims to study the onset of deconfinement and search for the critical point of strongly interacting matter. A segmented hadron calorimeter, the Projectile Spectator Detector (PSD), is used in the NA61 experiment to determine the collision centrality and to reconstruct the event plane orientation in collisions of nuclei. The PSD precisely characterizes the event class for the analysis and provides the centrality selection at the trigger level.
Introduction
The NA61/SHINE experiment at the CERN SPS [1] , [2] was designed to study the properties of ion-ion collisions, in particular, the onset of deconfinement [3] as well as to search for the critical point of strongly interacting matter. These goals are achievable by investigating p+p, p+A and A+A collisions at different beam energies from 13A to 158A GeV for ions and up to 400 GeV/c for protons. A schematic view of the NA61/SHINE experiment is shown in Fig.1 (left) . An overview of the collision systems and the energies of the physics program is presented in Fig.1 
Hadron calorimeter (Projectile Spectator Detector -PSD)
The Projectile Spectator Detector (PSD) [4] , [5] in NA61/SHINE is a segmented forward hadron calorimeter. It is used to determine the collision centrality as well as orienta- ICPPA 2017
PSD performance.
Calibration has to be performed in order to reconstruct the energy of particles in the PSD. In the first step each module of the calorimeter was exposed to through-going minimum ionizing particles by using a muon beam. The spectrum of one PSD section for muons is shown in Fig.3 (left) . Then the response to proton showers was studied at several beam energies to determine the PSD calibration parameters (see Fig.3 (right) ). GEANT4 simulation shows that this new configuration of calorimeters shower leakage decreases from 11% in present PSD to 4% in new PSD1+PSD2 configuration for Pb+Pb reaction at 150 AGeV. This will improve the purity of centrality selection for the most central collisions, see Table 1 . The proposed new configuration will help to solve the radiation hardness problems of the forward hadron calorimeter for NA61 experiments beyond 2020. The beam hole in the PSD1 will help to avoid radiation damage of scintillator tiles due to the radiation dose from ionizing particles (see Fig. 7 (left) ). The expected neutron flux at the location of silicon photomultipliers in PSD1 and PSD2 will also be at acceptable level for the envisaged beam rates (see Fig. 7 (right)).
PSD2 will measure practically only the energy of heavy fragments and can be operated with reduced voltages on silicon photomultipliers. Only the central PSD2 module will suffer radiation damage in the scintillator tiles which will lead to a decrease of the light yield. However, this effect can be compensated by increasing the bias voltages. 
Conclusions
Results of performance studies of the existing segmented hadron calorimeter PSD in the NA61/SHINE experiment were reported. Proposed ideas to upgrade the PSD calorimeter system for future heavy ion experiments at the CERN SPS beyond 2020
were presented.
